Abstract: Microorganisms in sediments play an important role in C-, N-and S-cycles by regulating 7 forms and contents of these elements. The coupled system or synergistic reaction among three 8 elemental cycles can effectively alleviate the pollution of C, N, and S in sediments. However, 9 ecological processes coupling C-, N-and S-cycles in sediments are still poorly understood. In order to 10 understand the ecological processes mediated by microorganisms living in river sediments, a total of 11 135 sediment samples were collected from Huaihe River and its branches located in the Northern of 12 Anhui Province, the abundance of functional marker genes (mcrA, pmoA, cmo, amoA, hzo, nirK, nirS, 13 nosZ, dsrB, aprA), involving in C-, N-and S-transformation, were determined by qPCR. The 14 correlation among functional genes from 135 river sediment samples was calculated. We supposed 15 that the correlationship among functional genes could be used as a reference index speculating the 16 coupled systems of C-N-S in this reasearch, then the distinct coupling relation of C-N-S was revealed, 17 and probable genetic mechanisms were also expounded based on the hypothesis. The study found that 
to ammonium oxidation (Zhu et al., 2010) , methane oxidation coupled to denitrification (Zhu et al., 48 of 10 uM), 0.2 uL of ROX reference dye (50×), 3.3 uL of ddH 2 O and 1uL of template DNA (Bestar 126 Biosystem, German). After generating PCR fragments of the respective functional genes using M13 In 13 functional genes investigated in this study, the abundance of dsrB and pmoA1 genes was 164 relative higher, and that of hzo and aprA genes lower (Table 2) .
165
For N-cycling genes, the abundance of amoA-AOB was substantially lower as compared to 166 amoA-AOA. Comparing to nirK and nosZ, nirS displayed higher abundance. In the functional genes 167 related to C-cycle, the mcrA abundance exhibited the highest coefficient of variance. (pmoA, pmoA1, pmoA2) , mcrA genes were correlated between each other in C-cycle.
178
With regard to S-functional genes, no direct relationships between dsrB and aprA were found.
179
Concerning the correlations among N-, C-and S-functional genes, the methanotrophic (pmoA, 180 pmoA1 and pmoA2) genes were correlated with the abundance of nosZ. reactions (Parey et al., 2011; Lammel et al., 2015) . For the sediment containing a large amount of 188 organic matter and being in the state of reduction, the oxidation-reduction reaction should be the most together, which also proved that anammox coupled to methanogenesis (Fig 3) .
201
Studies showed that coupling the nitrate reduction and anaerobic digestion to form a bioreactor, amoA-AOB, which can predict the coupled system of aerobic methane oxidation-aerobic ammonia 240 oxidation based on the correlationship between the functional genes related to C, N cycles (Fig 3) .
241
Some investigators had confirmed that aerobic methanotrophs could oxidize ammonium through 242 pMMO, since methane monooxygenase (pMMO) and ammonia monooxygenase (AMO) may be 243 evolutionarily related (Holmes et al., 1995; Klotz and Norton, 1998 coupled system of nitrite-dependent anaerobic ammonium and methane oxidation processes on the 250 basis of our hypothesis (Fig 3) . (Fig. 4) .
258
The pathway of sulfites reduced to hydrogen sulfide may be: (1) transforming trithionate and 259 thiosulfate through three consecutive pairs of electron transfer (3SO 3 2− → S 3 O 6 2− → S 2 O 3 2− → S 2− ).
260
(2) losing six electrons directly, and not forming above intermediates, which is called the coordinate 6 261 electron reaction (Parey et al., 2011 dsrB gene, we can speculate the coupled system of aerobic ammonia-sulfate reduction according to 275 our hypothesis, which might occur through horizontal gene transfer (Fig. 4) .
276
Previous studies had confirmed the existence of microaerophilic sulfate and nitrate co-reduction 277 system under laboratory conditions (Bowles et al., 2012; Brunet and Garciagil, 1996) . The abundance 278 of denitrifying genes (nirS, nirK and nosZ) had a positive correlation with aprA gene, which also 279 inferred the co-reduction system based on the assumption of this research (Fig 4) nitrate reduction (Brunet and Garciagil, 1996) . hypothesis that the correlationship among functional genes could be used to predict the coupled 295 systems (Fig 5) . (Fig. 6) , suggesting that C and N co-limitation of the methanotrophs.
308
In the process of ammonia oxidation, studies indicated that the amoA-AOB was generally more 309 sensitive to higher OM and NH 4 + concentrations (Lammel et al., 2015; Stempfhuber et al., 2014) . From related to the contents of OM, NH 4 + , NO 3 -, TN in this study (Fig 6) . 
